Neopterin, as a non-conjugated pteridine, is synthesized from guanosine triphosphate and its production is upregulated upon the activation of cellular immune response. Alterations of pteridines in body fluids are known to correlate well with existing diseases and stages, prognosis, clinical outcomes and survival data. It is of advantage to have a pteridine database of healthy volunteers to determine normal values. Thereby, especially in children there is no detailed study on pteridine levels. The aim of this study is to initiate the establishment of pteridine database of healthy children in our country. Serum neopterin levels were analysed by enzyme-linked immunosorbent assay. Urinary neopterin and biopterin levels and serum kynurenine, tryptophan levels and kynurenine/tryptophan ratio as an estimate of tryptophan breakdown were assessed with high-pressure liquid chromatography in serum and urine samples of 55 children aged between 3 months and 10 years. The results were evaluated within the subgroups of different ages and sex. Pteridine pathway components were found to be higher in children compared to adults. Higher levels of pteridine pathway components observed within the first years of life may reflect the rapid maturation of the immune system, and environmental adaptation and/or insufficiency of defence systems. On the other hand, it may also relate to a higher frequency of infections not (yet) manifested clinically.
Introduction
Neopterin is a stabile non-conjugated pteridine derivative with low molecular weight. It is released from human monocyte/macrophages by the stimulation of interferon gamma (IFN-γ) (1-4). Neopterin is synthesized from guanosine triphosphate with the activation of T helper (Th) cells during type 1 immune response. Figure 1 represents pteridine synthesis pathway in detail (4) (5) (6) (7) . Neopterin is a sensitive biomarker of cellular immune response (4, 8, 9) . Elevation in neopterin levels is observed in diseases or physiological conditions with increased monocyte/macrophage activity. Measurement of neopterin in body fluids gives information about the cellular immune status and helps to predict the outcome and prognosis of various diseases (4, 8, (10) (11) (12) (13) (14) .
Biopterin is another non-conjugated pteridine and is formed by the oxidation of tetrahydrobiopterin (BH 4 ). BH 4 has important roles in various reactions like hydroxylation of aromatic monoamines and ether lipid oxidation (15, 16) . Biopterin and its derivatives were detected in all the mammalian body fluids and tissue samples investigated. Biopterin generally occurs in the body in its dihydro-and tetrahydro-(BH 4 ) and its nonreduced form. Both neopterin and biopterin are mainly found in urine as oxidized and/or reduced forms. Urinary excretions of pteridines change with age (1,5,17). L-Tryptophan (Trp), an essential amino acid, is crucial for protein biosynthesis in all animals and it is a precursor in biologically important compounds like nicotinamid adenine dinucleotide (NAD) and serotonin (Figure 1 ) (5) (6) (7) . Tryptophan is mainly degraded via kynurenine pathway (5-7). The rate limiting step of this pathway is held by tryptophan-2,3-dioxygenase (TDO) and indolamine-2,3-dioxygenase (IDO). Together with the neopterin release, IFN-γ also induces IDO in macrophages and increases tryptophan degradation via kynurenine pathway, in which end products like nicotinic acid, niacin and NAD can be formed (6, 18, 19) . Tryptophan degradation may occur in different types of cells including monocyte/macrophages, dendritic cells and fibroblasts. In cellular (Th1 type) immune response, Trp degradation increases with the induction of cytokines. Eventually, serum tryptophan levels decrease and kynurenine (Kyn) and other catabolites increase. It has been reported that kynurenine to tryptophan ratio (Kyn/Trp) can be used to estimate IDO activity in inflammatory conditions when increased concentrations of immune activation markers like neopterin can be detected in parallel (6, 20) .
Data from literature supports that IDO related Trp degradation is induced by immune stimulation. Recent studies show that IDO has an important role in immune response under clinical and physiological conditions such as pregnancy, infection, different types of cancer, transplantation and autoimmunity. In parallel to enhanced neopterin levels, tryptophan degradation also increases in these cases (6, (21) (22) (23) .
The main goal of this study was to evaluate neopterin, biopterin, tryptophan and kynurenine levels in Turkish healthy children. It was also aimed to initiate a database on related subject in our country which does not exist yet.
Materials and Methods

Chemicals
All the chemicals used in the study were analytical grade and obtained from Sigma (St. Louis, MO, USA) and Merck (Darmstadt, Germany). Neopterin ELISA kit was obtained from BRAHMS, Hennigsdorf, Germany.
Study Group
The group consisted of 55 healthy children aged between 0 and 10 years, admitted to University hospital for check-up. Gender distribution of the group was 22 girls and 33 boys. It was confirmed by the families and physicians of the children that they had no chronic diseases and they were healthy during sample collection period.
This study was performed with the University Ethics Committee approval (document no TBK05/15) and Helsinki Declaration was followed during the study. Samples were collected from volunteered children with the permission of their parents.
Sample Collection and Storage
Sera were collected after centrifugation of venous blood at 3000 rpm for 10 minutes. Blood and urine samples were taken early in the morning. All the samples were stored at −20°C until analysis.
Methods
Serum neopterin levels were determined by ELISA according to the instruction manual. Serum tryptophan and kynurenine levels and urinary neopterin, biopterin and creatinine levels were analyzed by high performance liquid chromatography methods (13, 24, 25) , no oxidation step was performed during preanalytics. Neopterin and biopterin levels were evaluated as µmol/mol creatinine and kyn/trp was expressed as µmol/mmol.
Statistics
Results were presented as mean ± SEM. Parametric tests were used for statistical evaluation, Student's ttest to compare independent subgroups and Pearson analysis was used analyze the possible correlation between measured parameters and age. P-values <0.05 were considered as statistically significant.
Results
Neopterin, biopterin, biopterin to neopterin ratio, kynurenine, tryptophan and kyn/trp levels of the study group and gender subgroups are presented in Table 1 . There was no gender influence detectable (all, p >0.05).
Neopterin concentrations correlated inversely with tryptophan (r = −0.400, p = 0.01) and positively with kynurenine (r = 0.411, p <0.01) and Kyn/Trp Age was inversely associated with neopterin in urine (r = −0.664, p <0.001) and serum (r = −0.422, p = 0.01), kynurenine (r = −0.628, p <0.001) and Kyn/Trp (r = −0.560, p <0.001). For further investigation, the study group was divided into 2 subgroups as aged 0-5 years and 6-10 years. Urinary neopterin, biopterin, serum neopterin and kyn/trp levels were statistically different between these subgroups (all, p <0.05; Table 2) .
A positive association between serum neopterin and urine neopterin to creatinine concentrations failed to reach statistical significance (r = 0.319, p >0.05).
Discussion
The clinical and toxicological importance of conjugated and non-conjugated pteridines that have roles in various biochemical pathways are proved with increasing number of studies. The evaluation of main metabolites or intermediates i.e., neopterin, biopterin and kynurenine is used in progress of the diseases as well as in diagnosis and treatment (8, 12, 20, (26) (27) (28) (29) . Hence, the basal levels of healthy individuals are needed for comparison. Data obtained from various studies performed in Turkey can provide information on the pteridine pathway of adults (12) (13) (14) 25, (30) (31) (32) (33) (34) (35) (36) (37) . However, studies on neopterin, biopterin or tryptophan degradation of healthy children are missing. With this presented study, data collection for the mentioned pteridine levels of healthy Turkish children has been initiated.
Urinary and serum neopterin results of this study are compatible with the small number of studies including healthy children (4) . Changes in urinary and serum neopterin levels are known to correlate well (1, 17, 38) . However, in this study no correlation was detected between these levels. In various physiological conditions with the possible immune modulation, neopterin and IDO are affected in parallel (6, 10, 16, 18) . Similarly, in the study group it was found that kyn/trp representing IDO activity and serum neopterin have positive correlation.
It has been reported that in adults, especially in elderly, urinary neopterin excretion increases with age (4, 39) . The ages of the volunteered children are negatively correlated with both serum neopterin and IDO levels (p <0.05, both). Accordingly, urinary neopterin and biopterin levels also decreased with age in healthy Turkish children population. When the age subgroups were further evaluated, serum neopterin, kyn/trp, urinary neopterin and urinary biopterin levels were found to be statistically higher in 0-5 years aged group than those of 6-10 years.
Alterations in neopterin levels by gender as well as by age are well documented. On the other hand, with conflicting data, there are studies reporting no changes between males and females (4, 13, 25, 35, 39) . In the present study, it was observed that the gender of children did not have any effect on measured pteridinerelated parameters.
Childhood is a sensitive physiological period. Immune system completes its maturation within time. In the beginning of life, pteridine levels are higher than healthy adults. Neopterin excretion has been reported to change between 181 and 1602 µmol/mol creatinine in 0-10 aged children while 101-156 µmol/mol creatinine in 26-65 aged adults (4) . As the age gets closer to adulthood, immune system completes its maturation and consequently neopterin, biopterin and kyn/trp decreases. We also found that components of pteridine pathway were higher in our children compared to adults in our previous studies (25, 33, 35, 40, 41) . This increase can most probably be a result of the rapid maturation of immune system in the first years of life and environmental adaptation period and/or inadequacy of defence systems. This is the first study in our country to show pteridine levels in early ages of extra-uterine life. It can be concluded that, comparison of the pteridine pathway related parameters in healthy Turkish children and similar aged patients will be clinically useful in early diagnosis. This primary database can be extended and used in different national pediatric hospitals.
